fro n t of or b ehind th e th ro w e r; in each of these cases success has been attained. An explanation is also afforded of th e re tu rn in g of a boom erang w ithout " tw ist," m ade by Mr. 0 . Eckenstein, and of th e wonderfully long, straig h t trajectories of some of the native non re tu rn in g im plem ents. In a note read before th e Cam bridge Philosophical Society (May 13, 1895) I stated, as th e result of some prelim inary experim ents, th a t when air, originally satu rated w ith aqueous vapour, undergoes sudden expansion exceeding a certain critical amount, condensation takes place in th e form of drops throughout the moist air, even in the absence of all foreign nuclei.
The present paper contains an account of the m easurem ents which were afterw ards made of this critical expansion in air and other gases, as well as o f fu rth e r phenom ena which have since been observed in connection w ith the condensation of aqueous vapour from the supersaturated state.
Two different forms of expansion apparatus have been used. Both were designed to enable a given sample of the saturated gas to be suddenly expanded as often as m ight be desired w ithout any risk of foreign nuclei entering. A ll such nuclei originally present were removed by repeatedly form ing a cloud by expansion and allowing it to settle, till expansions of moderate am ount ceased to cause any visible condensation. In both forms of apparatus a definite expansion of any desired am ount could be produced. They were designed to give an exceedingly rapid expansion, the rate at which the volume was increasing being greatest, too, ju st before the expansion was completed, when th e tem perature was lowest and the influx of heat from the walls most rapid ; so that, as indeed appears from the con stancy of the results obtained, the theoretical lowering of tem perature m ust have been very nearly reached.
The two machines, in spite of the fact th at the volume of the air in the first was tw enty times as great as th a t contained in the second, gave identical results. The larger machine was only used in th e experiments on air.
If air, initially saturated and free from all foreign nuclei, be sud denly allowed to expand, a rain-like condensation results if th e ratio of th e final to th e in itial volume, ve xce tion tak in g place except on the walls of the vessel w ith sm aller expansions.
W hen V i / v iexceeds 1*252 the condensation continues to be rain like, showing over quite a wide range no visible increase in the num ber of th e drops w ith increasing expansion, till a second quite definite lim it is reached when v2/vi lies between 1*37 and 1*38. W ith expansions g reater th an this the condensation is cloud-like, th e nu m ber of the drops which are formed increasing a t an enorm ously rapid ra te w ith increasing expansion. If v2/vi be made successively greater and g reater, a very definite series of colour phenom ena is observed as this ratio is increased from 1*38 to 1*44, indicating a very rapid dim inution in the size, and corresponding increase in the num ber of th e cloud particles with increasing supersaturation. Only th e sm aller apparatus was used in the experim ents on the cloud-like condensa tion, the tim e taken for the expansion to be com pleted being much shorter than in th e other.
E xperim ents wex*e made upon the condensation phenom ena in th e presence of oxygen, hydrogen, nitrogen, chlorine and carbonic acid.
Of these, all except hydrogen were alike in showing th e two forms of condensation, each req u irin g a definite degree of supersaturation to produce it.
Chlorine is too far removed from th e condition of a perfect gas to enable the lowering of tem perature and resulting supersaturation to be calculated. This can be done, however, in the case of the other gases.
By the supersaturation is here m eant the ratio of the actual density of th e vapour when the expansion has ju st been com pleted, and the m inim um tem perature has therefore been reached, to the density of the vapour in equilibrium over a flat surface of w ater at th at tem perature.
W e may sum m arise the results obtained w ith the various gases,, including air, as follows :-In order th a t rain-like condensation may result in the presence of any of these gases, except hydrogen, the expansion m ust be sufficient to cause the supersaturation to exceed a certain value, am ounting, when th e final tem perature is -6° C., to betw een 4*2 and 4*4, and dim inishing with rising tem perature.
In order th a t cloud-like condensation m ay take place in the pre sence of any of these gases, including hydrogen, the expansion m ust be sufficient to cause the supersaturation to exceed a certain value,, amounting, when the final tem perature is about -16° C., to 7*9.
W hen the supersaturation reached lies between these lim its rain-like condensation resu lts in all the gases, except hydrogen, in w hich scarcely any trace of condensation is seen when the supersaturation is even slightly below 7'9. A statem en t of th e effect of th e R ontgen rays upon condensation in the presence of a ir was given in a note read before th e Royal Society, on M arch 3, 1896. T he rays have the effect of g reatly increasing th e num ber of th e drops, th e m inim um expansion required to cause condensation being unaltered.
Experim ents have been made upon th e effect of these rays when hydrogen is su b stitu ted for air. T heir effect on the m oist hydrogen is to introduce nuclei, w hich only require th e supersaturation to reach th e same lim it as is required for rain-like condensation in air and th e other gases, in order th a t condensation m ay take place upon them . In all these experim ents th e X -rays had to pass through glass to reach the gas, and m ust have been thereby very m uch reduced in intensity, yet th e ir effect in th e case of hydrogen was quite noticeable when the bulb producing them was 120 cm. from th e •expansion apparatus.'
The nuclei w hich b rin g about the rain-like condensation are equiva lent, in th e ir power of helping condensation, to w ater drops of 8'6 X 10-8 cm. in radius, th a t is, w ater drops of this size would ju st be able to grow in vapour supersaturated to the extent actually required to b ring about condensation. This num ber is calculated on the assum ption th a t Boyle's law holds for the supersaturated vapour, and th a t th e surface tension retains its ordinary value even in such small drops. I t must, therefore, only be considered as a rough approxim ation.
On th e same assum ptions, the nuclei which are able to act as centres of condensation when th e supersaturation is sufficient to cause the cloud-like condensation, are equivalent to drops of 6-4 x 10-8 cm., or less, in radius. They are present, as we have seen, in all the gases tried, when satu rated w ith aqueous vapour, and are exceedingly numerous. I t is probable, therefore, th a t they are actually small w ater particles, such as one would expect to come into existence m om entarily th ro u g h encounters of the molecules.
The nuclei which bring about the rain-like condensation are always few in num ber, and th ey appear to be entirely absent in h y d ro g en ; th eir num ber, therefore, depends on the nature of the gas. They are probably, therefore, of a different n ature from those which come into play when the su p ersaturation is great enough to cause the cloud-like condensation.
